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Measurements  of  P.D.  across  the  protoplasm  of  cells  of  Valonia 
macrophysa,  Kfitz.,  have  furnished  valuable  information  I  as  to  the 
behavior of  the  protoplasm toward  Na  +,  K+,  and  C1-  ions.  It has 
accordingly  seemed  desirable  to  extend  this  study  to  ions  of similar 
chemical  properties,  not  present  in  significant  amounts  in  ordinary 
sea water.  The present report gives the results of a  few exploratory 
measurements  2 using various dilutions of modified sea waters in which 
LiC1, CsC1, RbC1, or NH4CI was substituted for NaC1 and KC1. 
In the experiments with various dilutions of natural and KCl-rich sea waters,  1 
P.D.-time curves of two different types have been observed. 
When natural sea water is replaced by undiluted KCl-rich sea water, the P.D. 
rises  s rapidly to a maximum, falls to a minimum, and then rises more slowly to a 
second maximum.  This characteristic fluctuation of the p.n.  (found also with 
Valonia sap and with pure 0.6 molar KC1) has been attributed  4 to changes caused 
1 (a)  Damon, E. B., and Osterhout, W. J. V., J. Gen. Physiol.,  1929-30,  13, 
445.  (b)  Damon, E. B., J. Gen. Physiol.,  1932-33,  10, 375.  (c)  Damon, E. B., 
J. Gen. Physiol.,  1937-38, 9.1, 383. 
2 The experiments reported here were performed at Bermuda in 1930.  It was 
originally planned to make a  detailed study of the effects of each of these salts, 
but this program has actually been carried out only in the case of KCI3  ~, c  Since 
this work has been interrupted and cannot be continued by the writer, it seems 
worth while to publish these results in spite of their fragmentary nature. 
8 In the experiments reported in this paper, the r.D. across the protoplasm is in 
all cases directed inward, in the sense that positive current tends to flow from the 
external solution through the protoplasm into the vacuolar sap. 
4 (a)  Damon, E. B., J. Gen. Physiol.,  1929-30,  13,  207.  (b)  Damon, E. B., 
J. Gen. Physiol.,  1931-32,  15, 525. 
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by the  penetration  of K + into  the  aqueous  middle  layer  5 of the  protoplasm. 
Although the hter changes in P.D. are complex, it is found that the initial rise in 
P.D. with KCl-rich sea waters is reproducible, and varies in a regular manner with 
the concentration of potassium,  CK, in the external  solution  according  to  the 
equation 
P.n.  ~  59.1  log (BC~ +  D)  (my. at 25 ° C.) 
where B  and D  are constants.  It is  assumed  that  the first  maximum in  the 
P.v.-time curve occurs before the concentrations in the inner layers of the proto- 
plasm have been affected by the penetration of K+; in other words, that only the 
external surface layer of the protoplasm (the X  layer) is concerned in the initial 
rise in P.v. 
Similar  P.D.-time  curves  are  observed  with  small  dilutions  of  KCl-rich  sea 
waters, the initial rise in P.D. decreasing as the dilution is increased.  With these 
solutions, also, K + plays an important part in determining the P.v. 
With diluted natural sea water and with high dilutions of KCl-rich sea waters, 
however, the P.D.-time  curves have a different shape.  When these solutions are 
substituted  for ordinary sea water,  the P.D. rises  rapidly to a  definite value at 
which it remains approximately constant for some time; the P.D. increases with 
increasing dilution.  The 1,.D. is independent of small changes in the concentration 
of K + in these solutions.  The greater is the concentration of K + in the undiluted 
sea water, the higher is the critical dilution at which K + ceases to influence the 
P.v.  In sea waters containing both KC1 and NaC1, the concentration effect above 
the critical dilution is determined solely by the activity of NaC1 in the external 
solution. 
From these results, certain inferences have been drawn in regard to the diffusion 
of K +, Na  +, and CI- in the outer surface layer of Valoni~ protoplasm (the X layer). 
The concentration effect with these sea waters above the critical dilution has 
been interpreted as a diffusion potential in the X layer of the protoplasm, involving 
only the Na  + and CI- ions which are coming out from the vacuole.  (The outward 
diffusion of K + from the vacuole is  evidently prevented by the mechanism re- 
sponsible for the accumulation of KCI in the cell sap.)  The relative mobilities of 
Na  + and CI- in the X  layer may then be calculated from this diffusion potential 
with the help of the familiar Nerast equation.  If the mobility of the CI- ion is 
arbitrarily taken as unity, the mobility of Na  + is found  t¢ to be 0.11. 
The  electrical  potential  gradient  in  the  X  layer produced  by  the  outward 
diffusion of Na  + and C1- tends to oppose the inward diffusion of other cations 
from the external solution.  This explains the failure of K + to enter the protoplasm 
and influence the 1,.v. when the dilution is greater than the critical value.  While 
it has proved possible to calculate the critical dilutions for KCl-rich sea waters, 
this calculation is based on certain assumptions which cannot be applied without 
5 For the theory of protoplasmic layers, see Osterhout, W. ]. V., J. Gen. Physiol., 
1927-28, 11, 83; Biol. R~v., 1931, 6, 369; Ergetm. Physiol.,  1933, 35, 1013. Z.  B.  DAMON  821 
modification  to other cations than  K + (or to other organisms  than  Valonia). 
Neverthdess, similar  phenomena are to be expected with  Valonia when other 
cations are substituted for Na  + and K + in diluted sea water. 
The apparent relative mobility of K + in the outer or X  layer of the 
protoplasm has been calculated from the initial rise in v.v. in undiluted 
KCl-rich sea waters,  aSStLming  that this change in 1,.D. arises from a 
new  diffusion  potential  in  the  X  layer.  If  the  mobility  of  C1-  is 
taken  as  unity,  the  apparent  mobility of K+  (recalculated to  agree 
with the new value of 0.11 for Na  +) is found to be 18.  In this calcula- 
tion, the additional assumption was made that the partition coefficients 
of KC1 and NaC1 between water and  the X  layer are equal.  Since 
it is not improbable that the partition coefficient for KC1 is actually 
considerably higher than  that  for NaC1,  the  value,  18,  may be too 
high.  The sign and magnitude of the concentration effect with small 
dilutions of KCl-rich sea waters, however, indicate that the mobility of 
K+ must be several times greater than that of C1-. 
We may now consider some  similar experiments using  sea waters 
containing Li+,  Cs  +,  Rb +,  or NH4  +. 
The composition e of the modified sea waters used in these experiments is given 
in the following table, where the symbol, M, is used to represent Li, or Cs, or Rb 
or NH~. 
M  0.500 molar  CI  0.570 molar 
Ca  0.011  "  Br  0.001  " 
Mg  0.054  "  S04  0.028  " 
HCOs  0.003  " 
The pH of each solution was adjusted to the same value as that of ordinary sea 
water as shown by the color of thymol blue.  These stock solutions are designated 
as LiCl-sea water,  etc.  In some experiments these stock solutions  were diluted 
with natural sea water; the resulting solutions are described by such expressions as 
0.1 molar RbC1 in sea water.  For studying the concentration effect, the stock 
solutions were diluted with a solution of glycerol, 8.7 per cent by weight, in distilled 
water.  (This  solution  is  approximately  isotonic  with  Bermuda  sea  water.) 
Such a diluted solution may be called, for example, a d-fokt dilution of NH4Cl-sea 
water.  Here, the dilution, d, represents the number of liters of diluted solution 
containing 1 liter of the stock solution. 
e Based on a  formula for artificial sea water recommended by McClendon, 
J. F., Gault, C. C., and Mulholland, S., Carnegie Institution of W~hington, Pub. 
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The  apparatus  and  experimental methods  have  been  described  in  earlier 
publications. 4  To avoid waste in experiments with solutions  containing RbCI 
and CsC1, the same technic was employed as in the measurements with natural 
Valonia sap.  ~ 
I 
Modified Sea Water Containing LiCl 
In its influence on the Z,.D. with Valonia, the Li  + ion appears hardly 
distinguishable from the Na  + ion, at least so far as the outer surface 
layer of the protoplasm (the X  layer  5) is concerned.  In eleven meas- 
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Fro. 1.  P.D.-time curve showing the change in P.D. across  Valonla protoplasm 
when ordinary sea water (open circles)  is replaced by LiCl-sea water  (shaded 
circles) and comparing the concentration effects with a twofold dilution of LiCl-sea 
water (double circles, shaded centers)  and with an equal dilution of natural sea 
water (double circles, open centers).  LiCl-sea water contains 0.5 u LiCI. 
urements  with  LiCl-sea  water,  the  P.D.-time  curves  resembled  the 
curves with potassium-free NaCl-sea water:  the P.D. generally fell to a 
value less than the value in ordinary sea water, but greater than zero. 
Such  a  curve is  shown  in  Fig.  1.  A  representative Y.D.-time  curve 
with potassium-free NaCl-sea water has been presented in an earlier 
paper. 7 
With both the NaCl-sea water and the LiCl-sea water, however, the 
behavior  is  liable  to  be  erratic;  these  potassium-free  solutions  are 
7 Damon, E. B., J. Gen. Physiol., 1932-33, 16, 378 (curve marked CK  =.  0). v..  I3.  DAMON  823 
evidently somewhat injurious and prone to cause secondary changes 
in the protoplasm.  A LiCl-sea water containing the same concentra- 
tion of K+ as ordinary sea water would probably give better results. 
More prolonged measurements, which should be possible with such 
solutions, might reveal effects at inner layers of the protoplasm where 
Li  + may behave differently from Na  +. 
With diluted LiCl-sea water,  the l'.D.-time curves are similar to the 
curves with diluted natural sea water; the concentration effect with 
LiCl-sea water, however, is somewhat smaller.  Fig.  1 compares the 
concentration effects with twofold dilutions of LiCl-sea water and of 
natural  sea  water.  Four  such  measurements gave  values  for  the 
concentration effect with a twofold dilution ranging from 6 to 10 inv., 
average, 8 my.  One measurement with a fivefold dilution gave 22 my. 
The values for two- and fivefold dilutions of natural sea water, reported 
in  an earlier paper,  1~ were 11.4  and 25.2  my.  From comparison of 
these  concentration effects, we may conclude that  the  mobility of 
Li+ in the X  layer of Valonia is perhaps slightly greater than that 
of Na  +. 
n 
Modified Sea Water Containing CsCl 
The Cs  + ion, like the Li+ ion, resembles the Na+ ion in its effect on 
the  ~.D. with  Vdonia.  Two  measurements  with  CsCl-sea  water 
gave 1,.D.-thne  curves like  the curves with potassium-free NaCl-sea 
water.  One of these curves is shown in Fig. 2. 
Three measurements of concentration effect with a fivefold dilution 
of CsC1-sea  water showed P.D.'S somewhat higher than the P.D. with 
an equal dilution of ordinary sea water; this is illustrated in Fig. 2. 
The  same result was  obtained whether the diluted  CsCl-sea  water 
was applied after the diluted natural sea water, or before it as shown 
in the figure.  This larger concentration effect might seem to indicate 
that the mobility of the Cs  + ion in the X  layer is less than that of the 
Na  +  ion. 
It is not certain, however, that with the fivefold dilution the Cs+ 
ion really plays any significant part in the l'.D.  It may be that this 
dilution is greater than the critical dilution for CsCl-sea water, and 
that only Na  + and C1- ions diffusing out from the vacuole are actually 824  BIOELECTRIC  POTENTIALS  IN  VALONIA.  II 
concerned in the P.D.  The P.D. to be expected in such a case may be 
estimated  by  extrapolating  the  straight  line  which  represents  the 
V.D.-dilution curve of KCl-sea water  8 above its critical dilution.  The 
extrapolated value for a  fivefold dilution is in good agreement with 
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FIG. 2.  P.D.-time curve showing the change in P.D. across Valonia protoplasm 
when  ordinary sea water  (open circles) is replaced by  CsCl-sea water  (shaded 
circles) and comparing the concentration effects with a fivefold dilution of CsCl-sea 
water (double circles, shaded centers) and with an equal dilution of natural sea 
water (double circles, open centers).  CsCl-sea water contains 0.5 ~  CsC1. 
Accordingly, while we may conclude from the data with undiluted 
CsCl-sea water that the mobility of Cs  + in  the X  layer is not very 
different from that of Na  +, these measurements of concentration effect 
do not show conclusively which of the two mobilities is the higher. 
s Damon, E. B., J. Gen. Physiol., 1037-38, 21, 388, Fig. 2, curve A. E.  B.  DAMON  825 
III 
Modified Sea Waters Containing RbCl 
Sea waters containing RbCI, like KCl-rich sea waters, increase the 
inwardly directed P.D. across the protoplasm of Valonia.  The curves 
showing the variation of P.D. with time are more or less similar to the 
curves  with  KCl-rich  solutions.  With  solutions  containing  RbC1, 
however, the second rise in P.D. (ascribed to changes at inner layers 
of the protoplasm)  follows so soon after the initial  change  that  the 
time curve shows only a  point of inflection instead of a  well defined 
maximum  and  minimum.  P.D.-time  curves  of  this  type  are  found 
occasionally with KCl-rich solutions; 9 in such cases, the value of the 
P.D. at the point of inflection is about the same as the value at  the 
first maximum in curves of the usual KC1 type. 
Curve A of Fig. 3 shows a P.D.-time curve of this sort observed with 
RbCl-sea water.  The initial change in P.D. (to the point of inflection) 
was  about  53  my.  In  another  measurement  with  RbCl-sea water, 
the time curve had a  well defined maximum and minimum,  but here 
the initial rise was only 33 my. 
Three measurements  with 0.1 molar RbC1 in sea water gave P.D.- 
time curves in which the initial rise was indicated,  at the best, by an 
ill-defined point of inflection.  The best of these curves is shown as 
curve  B  in  Fig.  3.  In  this  curve,  there  is apparently  an  inflection 
point  at  about 21 my.  above the P.D. with ordinary  sea water.  In 
these  experiments  the  P.D. finally  reached  surprisingly  high  values: 
in one case, the P.D. after 1 hour was 60 my.  greater than  the value 
with ordinary sea water. 
In two measurements with 0.05 molar RbC1 in sea water the changes 
in P.D. were small and gradual.  When these solutions were replaced 
by 0.1  molar  RbC1 in sea water, however, the P.D. rose rapidly and 
passed  through  a  well  defined  maximum.  This  behavior  will  be 
discussed later. 
The data fumished by the two measurements reported in curves A 
and B of Fig. 3 are probably the most reliable values which we have for 
calculating  the apparent  relative mobility of Rb  + in  the X  layer of 
9 Damon, E. B., J. Gen.  Physiol., 1929-30, 1S, 215; 1932-33, 10, 384. 826  BIOELECTRIC  POTENTIALS  IN  VALONIA.  II 
Valonia.  This calculation is based on the same assumptions as were 
used in an earlier paper  lb in calculating the apparent relative mobility 
of K +.  It is supposed that the initial change in P.D. (to the point of 
inflection) represents a diffusion potential set up in the X layer of the 
protoplasm.  It is further assumed that the coefficients for the dis- 
I  I  I  I 






I  I  I  I  I  ! 
:~----  One houo  /', 
FIO. 3.  Time curves showing changes in P.D.  across  VaJonia protoplasm when 
ordinary sea water (open circles) is replaced by modified sea waters containing 
RbC1.  In curve A the external solution is RbCl-sea water (shaded circles); in 
curve B it is 0.1 molar RbC1 in sea water (half-shaded  circles).  Curve  C illustrates 
the concentration effect with diluted RbCl-sea water: fivefold dilution, double 
circles, shaded centers; 25-fold dilution, double circles, open centers.  RbCl-sea 
water contains 0.5 ~r RbCI. 
tribution of NaC1, KC1, and RbC1 between sea water and the X layer 
all have the same value.  Using the values which have already been 
determined for the apparent relative mobilities of Na  +, K +, and CI-, 
the  relative mobility of Rb  + may then be  computed with the help 
of the equation (derived from the familiar Henderson formula) which 
was  used  in  computing  the  relative  mobility  of  K +.  From  the E.  B.  DAMON  827 
measurement with  RbCl-sea  water  (curve A)  it  is  found that  the 
mobility of Rb  + is 11 times as great as that of CI-; from the measure- 
ment with 0.1 molar RbC1 in sea water (curve B), the value is found 
to  be  10. 
Since the mobility of Rb  + in the X layer is much greater than that of 
Cl-, and since the behavior of Rb  + is similar to that of K +, it is to be 
expected  that  the  concentration  effect  with  RbCl-sea  water  will 
resemble the concentration effect with KCl-sea water.  That is, we 
may expect that the initial change in P.D. produced by diluted RbC1- 
sea water (if the dilution is not too great) will be less than the cor- 
responding  change  produced  by  the  undiluted  solution.  We  may 
expect further that as the dilution is increased a critical value will be 
reached, above which Rb  +  plays no  part  in  the P.D., and  the P.D. 
increases  with  increasing  dilution.  The  P.D.-dilution  curve  will 
therefore pass through a minimum. 
These  predictions  are  confirmed by  measurements with  fivefold 
and 25-fold dilutions of RbCl-sea water.  Thus, three measurements 
with the fivefold dilution showed an initial rise in P.D. of 31 to 33 my., 
considerably less than the value, 53 my., found in the measurement 
with the undiluted solution shown in Fig. 3, curve A.  In five measure- 
ments with the 25-fold dilution, the change in P.D. was greater than 
with  the  fivefold dilution,  the  values  varying from  36  to  60  my., 
average, 50 mv.  The P.D.-time curve marked C in Fig. 3 shows the 
results of an experiment with these two diluted RbCl-sea waters. 
IV 
Modified Sea Waters Containing NH4Cl 
The behavior of sea waters containing  NI-IaC1 proved to  be very 
similar  to  that  of the  corresponding sea waters with RbC1,  except 
that  the  changes in  P.D. were even larger  than  those produced by 
either RbCl or KC1. 
One  experiment  with  NI-I4Cl-sea  water  showed  extremely  large 
fluctuations in  P.D., somewhat like  those  characteristic of KCl-rich 
solutions, but much more rapid.  It was obvious that reliable values 
for the first maximum in  such a  P.D.-time curve could be obtained 
only with a  measuring instrument of much shorter period than the 828  ]3IOELECT:RIC  POTENTIALS  IN  VALONIA.  II 
Compton electrometer used in  these measurements.  To  avoid this 
difficulty, the present investigation was limited to solutions in which 
the concentrations of NH4C1 were considerably smaller than 0.5 molar. 
Nine measurements were carried out using 0.1 molar NH~C1 in sea 
water.  The best P.D.-time curve obtained in this series is shown as 
curve A  in Fig.  4.  The  P.D.'s  observed with  these  solutions  were 
very high:  in this instance, 87 my. greater than the P.D. in ordinary 
sea water.  As in  the experiments with RbC1,  the initial change in 
P.D. was marked, not by a maximum in the P.D.-time curve, but by a 
point of inflection, the position of which was often indefinite.  In the 
curve shown in Fig.  4,  the initial rise was about  68  mv.  In  three 
other curves where the position of the inflection point could be deter- 
mined approximately, the rise in P.D. to  this point  varied between 
20 and 53 inv.; the average of all four values was 44 mv. 
When the sea water containing NI-LC1 was replaced by ordinary 
sea water, the P.D.-time curve (as shown in  Fig. 4) closely resembled 
the curves obtained when KCl-rich solutions were followed by ordinary 
sea water.  ~  Precisely the same behavior was observed in experiments 
with RbC1.  The changes in P.D. (rapid fall to a minimum, rise to a 
ma~mum, followed by a  slow fall) are just the reverse of the char- 
acteristic  changes  observed  when  K +  enters  the  protoplasm  from 
KCl-rich  sea  waters.  It  may  accordingly  be  assumed that these 
changes in ordinary sea water are produced by  K+,  Rb  +,  or NH~  + 
coming out of the protoplasm.  It is interesting to.note that, in spite 
of differences in behavior on entering the protoplasm,  all three ions 
exhibit the same type of P.D.-time curve when coming out. 
Four measurements with 0.01  molar NH4C1  in  sea water showed 
rather large  changes in  P.D.:  in  one  case  as much as  25  my.  after 
30  minutes.  Similar  results  were obtained  in  three  measurements 
with 0.001 molar NI-LC1 in sea water, where an increase of as much as 
19  my.  was  observed.  With  both  solutions,  however,  the  rise  in 
P.D. WaS gradual, and did not permit assigning even an approximate 
value to the initial change. 
The measurements with 0.1 molar NI~C1 in sea water are therefore 
the only ones which provide data suitable for computing the apparent 
relative  mobility of  NI-L  +  in  the  X  layer of  Valonia.  The  same 
assumptions are made as in calculating the mobility of Rb  +.  If we 
take as the initial change in P.D. the value, 68 inv., from the experiment v..  B.  DAMON  829 
shown in Fig. 4,  the apparent mobility of NI-I4  +  is found to be  108 
times as great as that of Cl-.  If we use 44 my. (the average of four 
discordant values)  the mobility of NI-I4  + is found to be 37  times as 
great as that of C1-.  In any case, it seems clear that the apparent 
mobility of NH4  + in the X  layer is far greater than that of any of the 
other ions included in this study. 
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FIG. 4.  Time curves showing changes in P.D. across  Valonia  protoplasm pro- 
duced by solutions containing NI-I4CI.  Curve A shows the changes when natural 
sea water (open circles) is replaced by 0.1 molar NI-I~CI in sea water (half-shaded 
circles) and when this solution in turn is replaced by natural sea water.  Curve B 
shows the P.D.'s with three different dilutions of NH4Cl-sea water: a  16.7-fold 
dilution, double circles, open centers;  a fivefold dilution, double circles, shaded 
centers;  and  a  3.3-fold  dilution,  shaded  circles.  NH~Cl-sea water  contains 
0.5 M NI-hCI. 
The high mobility of the NH4  + ion suggests that the concentration 
effect with NI~Cl-sea water will be similar to the effects with KCl-sea 
water and RbCl-sea water.  In particular, it is to be expected that the 
P.D.-dilution curve will pass through a  minimum. 
That this is true is shown in a qualitative manner by the experiment 830  BIOELECTRIC  POTENTIALS  IN  VALONIA.  II 
reported in the t,.D.-time curve B, in Fig. 4.  It will be seen that the 
P.D. with the fivefold dilution of NH~Cl-sea water is less than the P.D. 
with the 16.7-fold dilution which preceded it, and also less than the 
~.D. with the 3.3-fold dilution which followed it. 
Such experiments, however, in which several dilutions of NI-hCl-sea 
water are applied successively to the same cell, cannot be trusted to 
furnish quantitative data unless all the dilutions are greater than the 
critical value.  Otherwise, NH4  + ions entering from one solution are 
liable to cause changes at inner layers of the protoplasm and affect 
the value of the 1,.D. with later solutions. 
A  number  of  additional  measurements with  these  three  diluted 
NH4Cl-sea  waters  failed  to  furnish more  quantitative  information. 
Since  all  three  dilutions  (with  the possible  exception  of  16.7)  are 
evidently less than the critical value, NH4  + ions will enter the proto- 
plasm and cause changes in P.D. at the inner layers.  For quantitative 
comparisons, it is therefore necessary to determine the initial change in 
P.D. before NH~  + ions have diffused through the X  layer.  Unfortu- 
nately, the shapes of the P.D.-time curves usually obtained with these 
solutions gave no clew to the magnitude of this initial change in P.D. 
DISCUSSION 
The  reason why the P.D.-time curves with  sea waters containing 
RbCI or NH~C1 do not rise sharply to well defined initial maxima can 
probably be traced to the greater speed with which these ions penetrate 
the  protoplasm.  If  the  curve  is  to  show  such  a  maximum,  it  is 
necessary that the entire  ~° outer surface of  the protoplasm  shall  be 
brought into  equilibrium with the new solution before the P.D.'S at 
inner layers of the protoplasm have been affected by the penetration 
of ions from the new solution.  If the penetration of NH4  + (or Rb  ÷) is 
too rapid, however, it may not be possible to meet this  requirement 
since an appreciable time is needed to leach out the cell wall and bring 
the whole surface of the protoplasm in contact with the new solution. 
In an extreme case, NH,  + ions might penetrate as far as the Y layer 
at one end of the cell before the NH, Cl-sea water had reached the X 
le For a  demonstration of the  importance of applying the new solution to the 
entire outer surface of the cell, see Damon, E. B., J. Gen. Physiol., 1932-33,  16, 376. E. B. DAMON  83i 
layer at the other end.  The observed change in p.v. would then be the 
resultant of a very complex set of simultaneous changes, far too intri- 
cate to be interpreted. 
If this explanation is correct, it should be possible to obtain P.V.- 
time curves with well defined maxima and minima (like the curves 
with KCl-sea water) by retarding the inward diffusion  of NH~+ through 
the X layer of the protoplasm.  This can be accomplished by employ- 
ing dilute solutions (below the critical dilution) where the entrance of 
NH~+ is opposed, but not wholly prevented, by the potential gradient 
which arises  from the outward diffusion of Na  + and  CI-  from the 
vacuole.  Fig. 5 shows the result of such an experiment, in which a 
threefold dilution of  natural  sea  water  was  replaced  by  an  equal 
dilution of a  modified sea water containing 0.01 mole of NI-LC1 in a 
liter of the diluted solution.  ~Another such experiment, using fivefold 
dilutions,  had  exactly  similar  results.)  It  will  be  seen  that  the 
entrance of NIL  + from the diluted sea water led to a P.v.-time curve 
of precisely the same form as the curves resulting from the entrance of 
K + from undiluted KCl-rich sea waters.  When the cell was returned 
to diluted natural sea water, the fluctuations in P.D. caused by NH,  + 
coming out of the protoplasm were just the reverse of those caused by 
NI-I4  + going in. 
We may therefore conclude that sea waters with added KCI, RbC1, 
and NH4C1 would all give P.D.-fime curves of essentially the same form 
if these curves could be measured under ideal conditions.  In such 
ideal  experiments,  the  solutions would  be  applied  instantaneously 
to  the  entire  outer surface  of  theprotoplasm,  and  the  measuring 
instrument would be rapid enough to follow accurately all the fluc- 
tuations in P.D. 
The greater speed with which Rb  + and NIL  + enter the protoplasm 
is  presumably the  result  of  several  contributing factors.  Some of 
these will be discussed briefly. 
For example, the concentration gradient in the protoplasm is doubt- 
less greater for Rb  + than for K +, since it my  be expected that the 
protoplasm will normally contain a  small concentration of K +,  but 
will not contain  any perceptible amount of Rb  +.  This  somewhat 
steeper concentration gradient will be  of greater  importance when 832  BIOELECTRIC  POTENTIALS  IN  VALONIA.  II 
the concentration of Rb in the external solution is small.  The experi- 
ments with 0.1  molar RbC1 in sea water furnish an example of the 
effect of small changes in the concentration gradient in the protoplasm. 
With cells which had been  taken directly from ordinary sea  water 
(and hence contained no Rb  +)  the P.D.-time curves showed, at best, 
only a  badly defined point of inflection.  With cells which had been 




FIG. 5.  P.D.-time  curve showing the effect of substituting NI-~CI for NaCI and 
KCI in diluted sea water.  Open  circles represent the P.D. in natural sea water; 
double circles with open centers, the P.D. in a threefold dilution of natural sea 
water; double circles with shaded centers, the P.D. in a threefold dilution d  a 
modified sea water containing  0.01 mole of NI~CI in a liter of the diluted solution. 
so that the protoplasm contained a little Rb  +, treatment with 0.1 molar 
RbC1 in sea water caused the P.9. to rise rapidly and pass through a 
well defined maximum.  This difference in behavior may reasonably 
be attributed to the slower inward diffusion of Rb  + in the second case, 
where the concentration gradient was less steep. 
The  speed  with which NH4  +  penetrates the protoplasm might be 
explained, in part, by the hypothesis that uncharged NHs molecules 
diffuse rapidly through  the  X  layer,  and  on  reaching the  aqueous 
W  layer react  with water or  some  weak  acid  to  form  NIL  +  ions. z.  B.  v~a~o~  833 
The concentration effect with higher dilutions of NI~Cbsea  water, 
however,  must  be  considered  as  evidence  against  this  hypothesis. 
With these dilute solutions, the potential gradient set up by the out- 
ward diffusion of Na  + and C1- from the vacuole opposes the inward 
diffusion of NIL  + and other cations, but can have no effect on the 
diffusion of uncharged NIL  molecules.  Since  it  is  found  that  the 
influence of NH4C1 on the P.D. is greatly diminished (and probably 
finally annulled) when the external solution is diluted, we must con- 
dude that it is principally the NIL  + ion, and not the NIL molecule, 
which enters the protoplasm from these NiLCl-rich solutions. 
It is probable that differences in the partition coeffidents for KC1, 
RbC1,  and  NILC1  (between water  and  the X  layer)  have  a  very 
important  effect on  the  rates  at  which K+,  Rb+,  and  NIL+  enter 
the protoplasm.  Since the values of these coefficients are unknown, 
it has been assumed for purposes of calculation that the coefficients 
are all equal  It must therefore be emphasized that the numerical 
values obtained from these calculations represent merely the apparent 
relative mobilities of the ions. 
It has been pointed out elsewhere  1, that much higher dilutions of 
KCl-sea water than of natural sea water can be applied to the Valonia 
cell without at once producing certain secondary changes which are 
probably a  sign of injury.  It is interesting that equally high dilu- 
tions of RbCl-sea water or NiLCl-sea water (which do not contain 
potassium) may be applied to Valonia for a short time without causing 
these secondary changes.  That is, these ions which resemble K + in 
their effect on the P.D. also exert the same protective action on Valonia 
protoplasm. 
SUMMARY 
In  their  influence on  the  P.D. across  the protoplasm  of  Valonla 
macrophysa, Kiitz., Li  + and Cs  + resemble Na  +, while Rb  + and NH,  + 
resemble K +.  The  apparent  mobilities of  the ions  in  the  external 
surface layer of Valonia protoplasm increase in the order: Cs  +, Na  +, 
Li  +  <  C1-  <  Rb  +  <  K +  <  NIL  +  . 